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1. SMMARY

This program has ccntinued the evaluation of two unique GEM
cnfiuraticns (difruser-recirculation and dirfuser-plenum) conceived by
tnis contractor and originally disclosed in Hdefcrence 1. The prime
empnagl s under this contract fas been e investipatle and doourent Lhe
erfomance and staiility characteristics ¢! the Lwo concept®, and 0

jetermine means cf acnleving the renuired positive stablility character-

{gtics, This iavestipar 18 teen accomplished with 2+ ilmensicnal rmode
este and supiorting tarkematical sousiies, The stabilisy “ag been demon-
"'-rl'»’ f Wa U je Ll '\l, :lr‘" -’ RS :" G ¢ .
‘q* - 1 rmosle) ’ tve decumented the jer-
- i o N ’ ‘- ‘ - ! s e ‘. ol ."_r!:o
The Y=iirev 1l ~odel ccatiec fert g Toihe diftuaer~: lenum R {n-
: T 48 (O Gk el 4,2 : epcwer ver R ct ol gap
b t i ’ 55" o ! 289 : l\.l:"ll
= ) g a 1 Ry 355 05 S5 (AL IR oty (i % C. A
endeBlesicstiloimes: ilTuser ol lciency, wilch was not made
nder 'l re;’r Pl ily resylt in superior perfermance. The
RSy 7/or performnce ic also : resented,
Jata is:r *od which iercriter *he 1acterisrgics of the
jif fueer adjpe renld i tgap ¢ !  *he EM. This data
lezeriters ¢ ver perlomance, *he niteh and teave stalility character-

istics, *he JiU*iae etftieiency, *he diffuser officiency, the diffuser
pressure rise and & ~entinuity paraneter, which ie the ratio of diffuser

exit flow te the flow surrlind to the difurer,
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er INTROJUCTION
Killer Afrcraft Corp., under this program, has investigated
'wo %M concepts (diffuser-recirculation and diffuser-plenuam) which
have rotential for act leving ni’icien’, high-sreed transrortation. As
cisinally conceive ) (Ref, 1) hoth of *hese concents operate in part
A3 open tircal wind tunnels where the sealed pericheral cap reprosents

the tunane] "test gsectd . The diffuser-recir-ulation concept =ay be

3

-3

theught of a3 a "returp-tyre" tunnel, {.e,, no working fluid loss md

fan i r ire rise equals rressure loszes in the circuit. The diffuser-

tlenum conctept may he theygght f 4 a "non-return-type” tunnel. 3Hoth

NGgaYS gl armuninit iy

o £7 ser-racircilatior wcett is the ultimate in hover-
iy officlancy 2ero rower in the {deal ca », This ascumes zurc'fricticn
and working fliuid losa., ¥riction loises are unavoidanle, but with
affizient Kict and BR{STuser »0 *he rosultant hovering rerformance is
surerior to convent! nal systems,

The diffuser-plenum concert ioes not conserve its hasic jet
anerpy, Dt 4 155 “low renuirements are nsiderably lower than in the
recirculatinge concert necause the air surrly seals the reripheral gap
twice, v irflux and a5 o 7lux. In "»f. 1 it is <kcwn to he theoretical-

ly roceible to ceduce {ts mase fleow to one-third that of the conventional
rlenum-annular nozzl . " 1) or the difuser-recirculation concept.)
This concept also has the advantage of an unhalanced reaction in the for-

ward direction, w ich rrovides a propulsive force as a free byproduct of

the lift-producing system. This comhination results in slightly superior




performance than that ohtained with ghe diffuser-reciprculation concert.

2.1 cescription of Concepts

The hovering rerformance oxpre: ns,wich are summarized
in Flg. ¢, were derived “or the 2177 .ser-recircilation concept, the

diffuser-plenum concept, and¢ ‘he conventional plenum concept, and origin-

ally rresented ‘n Hefaerence 1, The cerivations are ziven in, the Aprendix

f Reference 1. These exprr ns tescrite *he required Tan rressure rise

nd ma: 1 rAarameter for hovering flight at the -tesign point in terms of

the planform loading L,/4_), the a: ated loss fficiants, and other

'
rertinent variables. It will be noged that the mass “lux parameter {s,
?

in act-.ality, the quantity of “low rer unit of sealed pap area. The Alr .
Horserows arametor, which srogerly comaares the ¥ tems, s the rroduct

)& the Tan pressure rise :uxi‘"a" Tlig rarameter,
2ol diffuser-iacircul atacs Loneedt )

n the analy*4s &f 'Ms concert, the entire pcap or diffuser

inlet is agsumed e be axagtdy Prlled by the horizontal t, t.e., the

tatic rressve acress the gap is eeum] to amhient rressure. The int is

‘hen diffused netwern *ne gpevnd cuprfage and lower surface of the TEM to W

nvert ts kine* 12 anergy '03_\, amic rressure; tc rn'mtial energy (static

ressure ), Fip. 1. This static pressure is arrlied over the base area to

rrnduce the 1ift fcrce. Air from the rre rized zone 1is then recirculated

by a small pressure st with the fan to overcome 'he friction losses

and the slight residual velocity head loss due to the finite expansion ratio

of the diffuser. (The asgumption that residual velocity is a complete
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reduced to 1/3, and the conventional plenum chamber is reduced to 1/2
¢ that which results from *he perirheral g¢ap of the conventional plenunm
concepl Tlowing ull (C = 1),
In addition to the advantage of a reduc~d mass flux, a
horizon*al prorulsive thrust is chtained from the unbalanced portion of
the cscaping Jet thiat oproses the dlffuser {nlet., This thrust ig a free
byeproduct of the {ft-producing systea, Heferring to the expressions
of Flg. 2 in the {deal caze (C_ = 1), md with unifora ground clearance,
*he thruse {~ eqial to twice the rlanfor= loading aultiplied by the
unbalanced area. A3 may be geon by examination of *he exreession in Fig, 2,
the effact of *he contracticn coefficiont {« % decrease the horizontal
treyst while the loss coofficient effect is nil. The red.ction in mass
rrotucticn of frea forward *hrust, ad stilization of the high
velocity air :irectly from the fan without :rior aiffusion and contraction
vive this necert *he ro*ential for {mproved performance over existing
"ig. $resents prarhically the hoverine rerformance ex-
rrescions of Fip¢. ¢, The urrer rlot shows the resuired “an rressure rise,
the mid:le rlot pives the mass “lux rarameter, and the lower one indicates
*he air horseprower per unit sealed zap area. Thhse rarameters are rlotted
versus the planform loading.
The shaded areas indicate ‘he rrohahle repimes of the specified
cycles. The curved arrows represent the regimes of the annular nozzle con-
c

fipuration. The data points indicate the results of the work which formed

the basis for this ONR program,




3. DISCUSSION I

Hiller's rre-contract work rrovided adeqjuate documentation

' of *he hovering rerformance of the origsinal concepts ccnaidering the
state-of-the-knowledge of the stahility characteristics at the beginning
' £ ko prograw, ‘oneetuently, the majfor «ffort under this contract has
L]
' haen diracted toward investipation and documentation of the stability j
c charactleristics of the two concerts in hover and Torward light, and

the attlainment of the required positive stability characteristics. More
complete hovering torf r=ance was ohtalned as a by-procuct of the
stab‘lity investigetion,

An experimental svudy waf condcted using two-dimensional
models with *oth Tree-floa' ing ad Tixed ground boards 'Figs. i through

.

?), axd three-aimensional TS models rowered by model airplane engines.
"he most sorhiscicated mcdel (7P-1) {s shown in Figs. £ through 11. Ar-

rropriate mathema® {cal analvees were made in surrort of the experimental

rrogram,

- 3.1 concert Modificati-ns

Four concert modifica*ions were evaluated in this study. They
are listed helow with their spreci©ic contrihutions to the stability of
the system and are {llustrated in Fig. 9.

: 1. Forward Lip Droop

Forward lip droop rrevents the diffuser inlet '

from completely closing when the ground clearance

goes to zero. This insures uninterrupted flow to the

plenum chamber.
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Inftial Jet Angle

The init{al jet angle controls the jet's 1ift
reaction which contributes to positive stabiliry,
and also controls, 'o a large extent, the amount
¢ reverse Tlow.

Terntilation of the Diffuser Inlet

“he ventilation of the '{ffusir inlet greatly
rocuces the regative hase rressuyre penerated
‘Y rmoullits offect when the difuser inlet
ircps *elow the height e~ual to the ini-ial

‘¢ thickness.

Zxit %ap Jeometry

A tr-ailing flap applied to the exit gap of the

diffMiser rlenum confipuration rroduces a very
tahle «loment at that roint, and eliminates

unstable coupling hetween the diffuser inlet and

vit RE: 14

93 Ve

Diffuser Flenum Concept

The

initial emphasis was placed on the achievement of suit-

able stanility charac*eristics with the dif“user rlenum (DP) concept

because of its rotential in forward flight.

Jo&odl

3.2'1.1

Two-Dimensional (2-D) Program

Experimental Arraratus and Procedures

The two-dimensional or component model used in these tests




¥as supplied with alr ty Y1710 Allison superchargers as required to
maintain a base rressure (diffuser exit pressure) of 20.8 psf. This

valye @as maintained throughout the test rrogram. Fig. Lia shows the

basic comporent model., The =model was tested {n an inverted attitude to
rermit qualitarive <tability observations with a Tloating ground board,
The “orward lip sk wm installed in this T{pure gives an initial fjet

angle (8) of 90°, “{g. . shows the model ins*alled on the air surply
fuct. The test *echnlcjan {3 adtusting *he “orward lip droor with the

g e 61" forward lip inatalled, Fig. ° shews the model and the manometer
ranel with 41°a recording cwmera at the far right,

A standara ctarp-edged orifice was used as the primary flow
meter in the su<rly duct urstream of the moiel, The nocessary rressure,
tempora‘ire and area measurements Were -ade to determine accurately the
flow rate of air surplied to the model. The total surrly pressure

“.Sf, which represents the reaquired fan °ctal discharge rressure, was
measured upstream of the let nczzle (at “loor level in Fig. i) in the
12-inch-diameter «urrly duct. The total ~x{t rres-ure .P?e\ wAS measured
iownstrewm of the sharp-edged outlet gap of the model. A tctal pressure
rrobe ?tr‘ w1s installed forward of the model to indicate the rresence

£ roversed flow from tha inlet. Fiz. 12 lorates these roints of measure-
ment. In tte first 2-D test series only model hase static pressures were
determined; in the second 2-D series both ground plane and model base
static pressures were measured, The static rrecssure tap l-cations are
shown in Fig. 12.

All pressures were simultaneously recorded photographically.




A typical photo is shown in Fig. 13. The pressure distribution data

was reduced to useable form by projecting the photographed data direct-
ly on graph naper of the proper scale. The image was then traced on the
graph paper for *urther analysis, and rressure-area calculations were
made for the determination of pitching moment and generated lift. These
tracings are rresented {n Appendix 2.

The model exit pap was calibrated as a flow meter under
actual test conditiors 1o *hat mass Tlow lost either by reversed flow at
the diffuser inlet or by venting could be determined. The calibration
is tabulated below:

Rear Ground Clearance Exit Areca ©

_2
h A LTt 2
x gr
’
0.033% .0953 165
honlth -1“1 .(15
0.0%8 161 .625
0.0685 .169 659
), 0798 .226 679
0.0906 .257 679
w
e actual
C .
where C4 p
e theo

.

¥ -y
e actual s

. - AV
we theo goe ‘gr e

2

Y [ i

‘e 0 Pte
e

This tabulation srhows an unusual characteristic in that the flow coef-




h
ficient drops w an abnormal value at 7; of 0.0336. A study of the

static pressure distribution at this test condition reveals that such
a coefficient can be attributed to the highly turbulent flow which exists
in the olenum chasber.

Fig. 1L rresents, for co venience, the relat{onships belween
rear gap clearance am ground clearance at the various test conditions.
This f.gure also reraits correlation to he =ade Hetween the discharge

3
coefficients and 5, the freat grouna learance.,
he rrimary nozzle exit Hmancions ‘d1ffuser {nlet dimensions

at the dasign conditicn! were (.77 in. /3) by 1%.) in. The 0.75 dimen-
sion rorresents the -{de wall area, and the 18,3 4imension the ground

ard area, Cince the former dimension w@as much less than the 18,3 inch
i{mensior {de wall effects were neplipile, (me oide wall was ccnstruc-
ted of Formica and the other of Plexizlas to reduce side wall friction
further. The model base wa nstructed of aluminum and finished with
yrit, wet-or=dry :aper; the ground “card was constructed of unfinished
rlywood. The rijid sromnd hoard shown in Fig. I 4as used {n quantitative
fixed ypround » ard te: f lisheweipht, loogely fitting floating ground

ard was used in the test: nducted for a nualitative appraisal of the
stahility characteristics.

€16 ¢t to ,sive the minimum reverse or

=

The rear gar ‘hr,
pumpini; flow at each basic test condition (Y//, 6, vented or unvented)
. . . h+Y .
with the {1€fuser inl-t height /—7—) eaual to the initial jet thickness
(G/?). This flow condition was monitored by the P, Probe and flow vis-

ualization techniaues. This value of hr was used in each pitch case, and




{s the starting poin: for each heave case,

Sdodal Experimontal Program (2-D)

The ini*ial sorics of 'wo-dimensional tests, using a free-
floating ground hoard, wire largely qualitative In nature., This series
indicated *hat strong negative stahility ‘ritch and heave) characler-
istics axisted at the diffuser inlet, In an attemrt to overcome this
rroblem, the effects of venting *he diffuser irlet %o atmospheric nres-
sure and of manirulating forward lip geom-try were ovaluated., «Jith the
ground hoard fixed, model baze o .rface iressure distributions were

hbtaired for various front lip geometries, with anxi without ventilation
{ the diffiser inlot, alony with the cther data mentioned in rrevious

This test serfer {ndicated that manirulation cf the forward
1ip seometry (that is & and ¥, sen Fip, 17) and veuting of the diffuger
inlet tended ~ualitatively to res:lt {n desiranle stability character-
iatics, However, detatled analysis of ‘*he model hase rressure distri-
*utions failed to surrort this ohservation. It is helieved that this
contradiction was due to the lack of detailed knowledge of the primary
Jet contribution. The qualitative ohservations made in this test series
gave sufficient encouragement to warrant the construction of a small
three-dimensional model using the diffuser-nlenum concept and incor-
porating the geometry evolved from the two-dimensional tests. The re-
sults of model (DP-3) tests are discussed in detail in paragraph 3.2.2.

The second test series added considerably to the knowledge

of the concept. The notable difference between this series and the

10




previcus series was that this series =measured both the model base and
ground plane static rressures, whereas the previous =zeasyred only the
=mode]l base rressures., The ground plane static rressures include the
oeffect of the rrimary let. In this serier two ¢i{fferent modes of opera-
tion were studied: in the Tirst, the ground rlane was adfusted to
simylate heave ancve and telow the basic h ma hr tescribed in paragraph
3.¢.1.1 (Keave Caze), and {n the second, the exit gap area ’Agrf ¥as
maintained at a corstant value (i.e,, 'he ground rlane was pitched about
*he oxi* flap of the ¢iffiser-plenua concept - Pitch Case). This latter
ase {5 also arrlicable W the diffuser-recicculation case. The data will
o 1ed from the viewroint of the diffuser-recirculaticn concept in

raragrach 3,7,

1,2.1, 1 ata Pregentation “nilosophy 2-J)

The 2-. da*a a~alvsis rhilosorhy is as follows: The dif-
fuger sy tem Wwac consitered a5 *he means o” seoaling the perirheral pap
arcund and hoencath a %M of any base area; the comronent model is a two-
dimensional slice of this edge seal. The 1ificnr-rlenum model's exit
sap represents the total exit area of a trree-dimensional configuration,
wich may have this exit area distributed over 3 sides of the vehicle
inrending on the detail :esign. o

In the test rrogran the air power inrut to this edge seal
was varied ‘and measured) as reauired to achieve q constant aiffuser
static exit rressure (i.e., base rrescire) JF approximately 20 psf

(li inches of water) over the range of ground 4learance tested with the

various geometrical variations.

G .

1d




P CU— |

All of the ¢-D data presented is plotted against the ground
clearance h/? measured at the forward lip (see Fig. 1¢). In addition,

selected da‘a is plotted against the diffuser inlet ground clearance

heY
1Y) to zemcnstrate the general derendence of the srecific data on this

parameter, All data is :resented as a function of the “crward lip

drogp, (¥/?) and initial ‘et angle, €. Also included as reference for

each basic data parameter ‘pitching moment, c¢iffuser officiency, otc,)

:

la a simtlar cixve 0f e hasic data varameter for the unmodified con-

cert ({,0,, & = , ¥/2 = 0, uavented aliff ser),

The relationchip betyeen the i{wcenafonlaess ground clearance )
, . L heV G,
h/?) and the dlmensicnless forward lir drcop (V/?), for — = 5 (the

’

iesipn vcint), s tabulated below:

’ h/? for %I- - ; )
. ‘lll
. l.d . LL7
017 171

a ]
—

xi11 br ncticed that the various data will tend to hecome optimum

>

at these aprropriate values of gpround clearance.

The pitching moment is taken about the arrarent diffuser exit.
The aprarent diffuser exit is defined as that point along the diffuser
where the static rressur eauals 95 rercent of the ¢xit static or base
pressure. This point was established at the test condition reauiring the

greatest diffusion length, ad was maintained constant throughout the

data reduction. ,To non-dimensionalize the ritching moment, it is referred

12
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to the diffuser length (7), «:ich is the " stan%e Tros the aprarent dif-
fuser exit to the poin® representing the Paruard edge of the diffuser

inlet vent, amd ' Une 1if% force gonerated by the diffuser, The sense

of the =opent {3 conventional: rositive, poze up, (Hefer w Flg. 12).
Yosololk Discussion of Hesults (2-°

3o 2 kel fryser Pleching Moment

e con-aimenzionalized form of the pitching moment, which,
tn offecy, 10 the center-of-rressure location “orward of the reference
relut expreaged as a fraction ef the (.07 ser length, /, is presented for

the neave 2a%e in Fig, 15 and for the ritch case in Fig. ¢2. Notice in
t

b, *
the hoave ease, with O = , that the offect of venting hecomes apparent
at low ground clearances,  Forwar iroop has no aprarent significance

2t % = 907 or at the other vdues of 6, Further examina‘icn of Fig. 1

intleates Imrrovad stahility due to decrease im jet angle. These

results are contrary to the sualitative ohsevvations which iatdicated that

leading ~dpe droop enal to A ~inimum of LO parcent of the initial jet
thickness was reamired tQ achieve rositive @tahility throughout the entire
rerating regime. The same peneral trends are seepn to hold for the pitch

ease (Fieg. 02,

1.2,1.4.2  Uiffuser LSt Sffectivencss ¢and Jleave 3tabllity)

e a4P%cer 1ift oeffectivenecs @ pves degerlbe two character-
isties. First, the 1ifting efficiency of e dififuser is exrressed as a
ratio of its gegerated Jif% to the 1ift which would bg preducad L{ the base

pressure (diffuser exit static rressure) were applied to the entire .




diffnecs amea. 004, U degchibes the 18378 LD VLy of the dife

Oer 50€2009 where Yhe depsadnator of he affegtive ratloe, (F‘Er)
bp

313 e donejtered the reguised 1ift, since W base pregdurs (Pb) s
Peld eorstapt, Tag meave casg s rresented dn Fip. Lo and the pitch
case in Flg, 3. Study of these figures 211% 8404 ventine offests
staflar Lo thase soen on the pltching momen® cagmisteristias 44;cuseed

creviongly for 6 o 50, The effect of 6 g w0l Ve sar@ ¢3 On the

pliching momant aracterysiic, ne yeneral offeed of araep 19 repvated

he ¢if“user offieinncy rreseatsd as We rat1o of exit
total pressure to ® rly te* retturce  Tié ratlo cafines the
orgy remaining in the ‘ot after.heing ciffused %0 crente the bige Kes-
re and then rqaccelerated out the rear rap. Jh% dita 18 pregsented in
igs. nd e “or 4A2 heawe ¢iie md in 2% for the viteh case. In the
ve came *pe d1f“aser efficlency plotend egalnst the 2iffuger inlet
pround elsarance (".;i')/l Flg. 17) as well as the ground olearance h/¢
Flp. 17). These duglicabe jlets demonstrabe the dependence of the eysiem
charaztorietics on e diffuser Inlet ground cleerance. It will be noted
from the Curves geserdotng the hseve casg that viﬁnﬁng causcs the curves
10 reak a0re shacply ca? f1s0 severses e effeet of droop, r/¢, L.0.,
efflclency decreases vith 11}0&:63 tng drocp when vanted, vhila it ‘nereass:
with increasing dragp when wmvented. Thore 18 1o signiticant effect dug to

8 in the heave fase.




™e seve 468 rot 1.4 wrue for ws piteh case, Mg, 2,
share an approciable insrease 10 di”fusar efficicacy vith desrensing
Q 4s shova. Venting 1a the pitch ca=: pesulis in an spprecintle decresce
in diffvser offi lency 2* *he hi‘hes values of drovp for © = 90°. The
trerd vith droop at 0 © 0i® a4 12”7 ie not strongly dafined.

. 3.2.1.&.& Now Avallahle o - ﬁ.:d_ Egﬁd::iﬂl

Tre flo¢ aviilible or ‘orvard propulsion is preconted [n
Fige 19 for the hevvs Cusr, wid an M. 75 for the pitch cose, This
dita is proconted 2° the satio ‘e fiow rate throvzh the ¢alibrat.d
. exit gp of the redel to the flus raite “uinlind Lo mndsl. Tacsa Surves,
in offect, c-ceritae the divergen:e 1 the a-t.Caler ccafigiraticn froa
the 1desliicd oriyiral ccneapt ~d desigm potrt. In hils cacept adicnt
pre®sure was sraumd to exist at the diffucer inlet, and conscqueantly, no
reverse or pping flew ccourred. This rararetar has sipnifiourtly dif-
fepent crarasterictics tetvern th» hrave and ritch case. Freporly cem-
Firing this factor wita the diffucer efficiency factor defines the mx-
iran hosizental inteprated rrojulcive thrust availshle to the diffuscr-

Flenes concept,

3.2:1.4.5  ifffuser Prossure Pice

Ine ¢iffuser rrossire rise is rrosemnted in Fig. 20 fer the
hogre c2s0 ard in Fir. 26 for the pitch caso as the ratio of the diffusaer
64t ststic rrescure (baso rressurc) to total supply proscure. This
pararicter coupletes the doscripiion of the flow system. It will be noted

thet thase curves hiwe the sfme censral charaotoristics as the diffucer

.




officiency curves.

3.2.2.b.8 BHever Porforaxnce

The bovering perforesance 18 presentod in terms of the alr
borsepover (ot ses level staucard) rer unit setled gap area corredted
to a constmt valuo of diffuser erit static rrcssure (base pressure).

This was obtained «# ®ollo3s

o RO W T
L T Ve %l

skl

¢ ’3 I o“‘

This dsta {2 rrecentad 1n Fig, 21 for the heave cete and in
Fig. 27 for the ritch case. As mig*t he anticirated, tharo is a small
‘loca in perf rmunice charpesnls to venting the aiffuser inlat, In the
heave crre tre lures orargeshle to d-oop 18 much ncre severe. Intorestingly
encwh, in ¢he riteh casc¢ thare 1s crsentially no logs chargeadble to droop.
It will be ncticed that with @ = 50° and ‘he diffuser inlst vented, the
nini~un fFower ccoure wen h/? 15 sach as to jive a diffucer inlet ground
cletrmnce enual tc 3/’ Howev-r, cecrease of O t- 32° decreases the power
further fer mirinm pover. As O decreases o 61° h/’ tends to excesd /7,

The miniaze poser in the pi‘ch case decreases s :—:I oxceeds g

%Weellie?  PfPert of Tnitial ot An-le on Diffuser Inlet Flow

With 6 ® 90° it was przsible to ashieve neglizi*le reverse or

prping flowe At O = 61° or 32° » 1t was not possible to achieve this sero

secordary flow condition due to splitting of the jJet when it strikes the




' growd plane. Eovewep, #% J ® 90", 51° or )2', the sinina: reversed or
pwalag ‘lov 0.cur=ad st the ssme 29l gap setting 0‘:’ Au). This vas
fourd 0 H- true vrethor the ¢Lllfucer inlet vas veated cr not.

3.2,2 Th- se-Dirensional (3-D) icde) Tosts
As rentioned 12 pacragraph 302,142, the rusu’ts of the iniidal

2=D test scries, shich indisatcd iat a siable configaration sould be
ochicrved by appropriste geoastoicnl adjuctsents, gave svfficicat encourage-
At 0 suoraat construstion ¢ ¢ saall d-dirsnsicnal mcisl of the ci’fuier
pletin coroept inccrporating tic jsc-etric chanzes ewlred in ‘%o g=p
tasts, This mndal incorroratcd a trapssoidal plwnform ‘o achisve snxinw
vtilisaticn © the availinle fre+ by-product propalsion, but precerved the
model 1length to qch’eve afficlont diffusion md mod:l span for maximaen
roll ity ility. The planfora oan be ssrn in Figure €. The charscteristic
dinensicis ¢f the mudel are givea in Fig. 9.

Successful frae fli-ht taste with this midsl confirmed the
findirzs of the 2-D teste., In the initial tests befors tho diffuser inlet
vant wie inctallad this model ahcwed stahility characteristics soscwhat
similir to ttore nbserved in ths tnitial ¢- tests with a floating ground

Yoarde ‘The ripinsl stability characteristics «nd ths srecific rroblem areas
are di eod in raravcath 2.2.1.2). The sadition of diffucer 1alat ventins
to the ryatem in comhination vith tho existing rorserd 1lip droop greatly
¢ inrroved tha rtahility. Fowever, in order {0 achieve ronitive stadbility
. characiceictics in the 3=D casg throvghout the operating recine, it was
necessary to modify the raar pap fron the oripinal sharp edged configura-

t4om 2o rre dAneownoraling 2 ¢railine f1an.  The raenlting reap pap peometry

17




18 shoua 4n Fig. 8. Pig. 9 saows a lemgitvdinal scotion thrcush the
n¥lel. Th» comegm, andiflcatisns can bs ovsily ldentified, The ‘lat,
‘ralling f12p gave rtreny poalelze c4avility at the rear pap, which
elirinated the umdeairahle coupiing talveen the diffusep inley and
sharp «dped perp pap.  The re=c¢ntraat orifices at the side-por wepe
used to reclain & portier of 'he eround clewrancs lest by mcany of the
f1nt, trallirg curfvte (Jut thicvness equals greund clesrance (exit
#28) in e cue cf W orificc fosarmed by such a flat, Wwallinz flap).
Fi:o ¢t shews a e2=128 of thotos of tte (¥ prdel Pproache-
irg wd raceirg the viewer on a tether, roving at a velocity of approx=-
D1ately 1 fret ter tecords Feorugrd thrust force supplied as a freg by-
produat of the 1ift sysien is Jiscusacd in paragraph 3.2.%.%. Tne gross
~oight of the mocel at the tire of the tosts was 13.2 pounisj the instale-
lcd horsepewer srrroxirmately 0.3 the cperating altituis arrroxinately
/o 138 cf b/o). No inatability was noted in elther roll cr heaves
Following the qualitative free flight teste, this mocel was
eoppletcly evaluated in the static hovar) case. Co~rlete ground plane
rieasure surveyr were made cver 1 renge of rear gan ground clearances
and azles of attack, The flcw rate of air asupplied to the rodel was
nlso determined., The cuprly rressurs imrediately upstreea of the prirary
Jet nozzle wes monitored closely during the tests to inswre thal its
value rerreranted that which cxlsted with the original power plant
installaticn. Pravious tests with the medel pover plant had indicated

that aa essentially flat fen chorscteristic existed in the wmodel operate

ing range. The test setup is shown in Figs. 10 and 11. The model is

4
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inveriad beroath the plexiglas goound plane,

3.2.2.1 Staiie lerferzance (3-9)

e grovd-plans preasures, alvng with e sir flo4 rate
0l supdly pressure dnta, have beacn raduncd to give curves w: ich
descrite the staile perforsance mi 211110y of the redel, Do static
rorfor2wnud rradentad ar the alp haocpaier rar Lvall 1388 (specific
Burignoetr) cwa te found in Fir. {9, rloSted 2:nin -t & ground cleare
e racgeter ‘osa quarter of the ritio of totad £:iled upipheral sap
ey to P AC0IP area) or wn affrotlve 3 ra%io. The data an thia plot
13 crrracteq te the deciyn plui®ora 1odding of 2.5 32, but nct to see
iove] staniard acriitions, Cresseploutsd ¢n this figure ae lines of
ecretat rear 2ap mremd clesraace 1hr). # large increase 'n the srase
{ic hopierrwer occure at 8 riven value of the effective grcuni cleare
Vi Taraaeter when e rear 75p ground cleaeance increices frem 1/ to
/4 inzh ’; ® a3 te L0129) Thit i3 rarticularly ncticeale at
volee of artack greater thur sprrcxinately 0,50 deprees. To explain
thi- chapasteri tie, ~roider that t¢ achicve an incresre in rear gap a2
e conptat vaa 9 f the effeclive rcdud cleirancs rarareler, it 1s rece
cenary tc ™20 tre anele of attick, Tals, in turn, ircreates thre
4 Meop areq reatio W1, cinultareouidy, the diffuser incluied ancle,
e {ntreice in area patio tents {0 ereata q situation of overexpunsien
in the quif®.rer, This crnaitlon, pivs tho increare in diffueer angle,
roenlts {n separation in the diffusor and understandshle 1losses. Ths

¢asim valua of thn ground claararce raramater for thic redal 18 0.02;




the cperatirg ranr £» 0learunoe 48 arrroxizalely oi% ®d the (pere

atirg trin an(le of attack 18 épvoai=ainly 0.75 d-gress,

3.2,2,2 1033 Sty .

Tro pitch stebility chara.teriotios in hove® are precented
la Plee . This charectoriniio 18 rrecertsd ns 8 non-diacnsional piteche
g moreat werare the wa’e of attack fur ensh test, raar g clearance
¢f 1/P%, Vfyn, V/k* ard 1/2%,  1hagse carves aumtitatively cuprort the
Comomatrited viich wterility of the 3=D raicl 4in forne flisre, Cowaricon
e Ur survoes will onvow that thars 18 1o d«finhle trend for the var!a-
t4n of trim o cle with Peas pap clermarce. Tho trin av:le rances batween
ivre wd tlur ore aegree, Tni® 1ask cf correl)aticn can he avipibuted to
v40 fasterrt 1) date eprvad intarent in crtainiry ~{tcblrs -ocent
foom ppspenre g'atpihution, wd '2) poneral inseneitivity of trim vile
*o poar s clegeanes, Tt ir Melieved that ¢he 1ack cf correlation be-
‘s *he loper of thege ¢ rvad (3‘2) can he siailarly explained, The
gonee of *tip pitor irg mement 1 conventicnel, {.e,, pooitiveerose o,

*a70n W out the cevtop € erivily,

RPN Joave ot lll‘.Li’_—Dl

The togve cta' 114ty of this m~del {r rpeiented 1a Fig. N in
taprs ¢f porearetsd 1A dévidnd by rejuired 110t, p vodel gross weight,
wenps rear AP cletrance,  This 'arermatien fa rpesented fop varjous test
wmrlos of attack. It 1o ceen (rent thin rlot thee, in soacral, heave
ctahility arirts at all grownd clearanses il at ancdes ef attack from o°

through 2.56° with aneeral to regative etavility area below 4 rear ¢ap

eight of 1/L" at an angle of attack ‘a) eaqual to 2.86 degrees. It'is

20




1t is believe! that wddivdcnal ¢nta at e = 2,83 Qogmos \mif! Indlcate
vositive aeave stadillly cha:aa%;:rit:hs dom 10 20ro gap clearance,

Tre dare QY20 freiontes thas 40 a plich=Zown steurs below gero degree
vele ef grteck, 4 Less In cronnd slenmance will pesylit, his character-

043 Wt pot ebgapved 45 the frae (1220 1eut3 of the #odcl,

Jededeh  Tobocent Integmata Propuledon /7-0)

Ly thas atatie evaluatdcn o the "Fad 7Y axlel (t vae found
CirPianle w maume a3curately {08 drnercny mahelanted horypomtal reasticn
Tene frec Yyeoageust provndecve thrvot) cue ¢ the 80211 magnitude of this
orery Foospred valws wore Qoi=1,6 poma, Ints force pay to es i%ated fron
P trep sreum ety 1 it La aoeumcd that tha alr ereerirg tisough the
siée 171 ol the wehirle leaves at risht arples to the (ide, v that the
topuct neffielent Lo unily,

Seviiedlly

l'--:‘,lv-o.:c Aﬂ_v"’

by I;'_ i3 the total rearvard rrojected cealed 1re of ths

$lie amy pear core w4 ¥ ic the veloeity resulting frca 2 driving pressure

7
otual, on 'he avare, to tha medel rlanforn losding, V = §- f-. Suh-
P

stitutine thi- ex~regelnn into the rrevious exrresuicn

)
Q e e 2 o=
glves F v ¢ “;,r) (ﬁ )

Mtothe eperating polnt the estimated ferward prepulsive thrust 13 ap-
proximatcly 8.42 b, Cerparing this value to ons of aprroximately 1.3 1b. -
ohtained from the ¢ngte 14 ean ba snraisad that the air escaping through




Qo 283: pang deos 10 at an angle valch (o faverahle (or ferward groe
pulslon, .00, oo uhifeh 5 cagalderadly more raagward than perrendicular

‘9 the kool alide,

b Y I8 1 Proiimpary (veredatan Tasts (-]

Mayn commlgtion of the s%atic evaluatlen &f the DP-3 G7NM,

tho erizinal rouwor T1mnt Was reednstalled to jermit a guick, prel-

oinary (23tght dnte tha Jvepewgter characteristies ¢f this 8 concept.

ige 32 shown *he ea in suahi¢ over-water operation. These initial

;LR ted At reere was !nnut®lcient power installea for the

vehiele W acerlorate 1gsalf teyond hump sreed. when the model was

awcelerited ve hume apeed vy weans 0f a self-releasing "tow-line",

L was found 2t *he jetesrated gresylcion wan adeguase to tause the .
mad0od e fvertane *he *ew [ing (resulting in release) md t ontinue in

"rlaning” opesaticn. It 43 to he emrhanized that stahle oreration re-

21)%ed Loth anlow nd W ove hump sreed,

e
v v

Vo, 0 o0 Hove = Voarformance Semrasison (13-
L !

‘tindle *o Five ¢ P 45w roerarieon of the

8%
»i08vial rreiitcted rorformanice fup e Giffucep-plenun cencept with

roplopmante data fop the etakilised 3o models The el data point re-
rrecegts the eperatiag rodnt of the mdel. For elarity, this data is
scalrd ta ans plotted 3t & planf ra loading of 100 psf, I* will be

noted that considaranle variance is {ndicated, This ean be attributed
to coveral caresg nodel scale, d dimepsieonal flow ' the diffuser,

and the stability firese Reoendl, Rewever, that thils plot does not




18190 the jepforeance Yepefits vemed Soon the Pfreg® horisontal
vropulslve theusty 25 adcridennd Ltan of explanatlion defining the alr
Porseoiwe® raratetar ordinaga 1o vaal o le related £y tetal tealed

rapithoral 2o areq o ¢qune feet,

‘ece? x4t Gap Geopatlry

Sonsldegahle effert 400 extevded ¢ dwcepibo %atre~al {cal-

ly t! FE Y aractaor etdcs e® q 4eqidery fanp aiprlied Yo the exit
ap of the diffiser-plenum conutepte The 1n3lrstg wa2 wade assuming

yrvation of eans and eoergy, cno-time mal, lrvtacidy (ncemrressible
Slow Wit = 1, vid conalderting cre ®oot of antt flas width, Two gen-
rql cages were imised:  ¢hat o a straight “lap, mc that of an ellip-
' ) flan,
YIS .I traighe < A7

The results of the straight flap anal) o derived in Apperie

$ip T are showm in Flpe e This Tlguwme dgfir the 1ifr ccefficient for

variations o® the teailiee €lap slope, charasterized by dimension b, as a
function of *re sround #leapance by Further amalvels of the etraight flap

aractoriss cruatter,y from whion Pig, 3, wao dvnen, w10 Gal® 20 dotere
sime ¢he losiyn senfiguraticne This s the eanfivuration ofiich would rive

i

, , »
the =aximun pate of champe of Vift with variationg tm ppeound clearance, R
y Ry




25 a functlon off that ground slearance and tha flap sloges This was
atomplished Wy the cimultaneous golution of *re partial depivatives,
wit® respgcs *a b oand v of the gieaight flap goualion et eusl to O,

Thias annlysis ladicated thas gisenaiom b 2004534 equal the gevung cleare

wncg I tn crdes %0 athieve *his sasimum m, At this cend!uion, m wa:
found Lo enual minus one quarter of the reciprocal of the ground €lears
ance, Tre Y¢ € tho rofnte 0f the =maxim - own in ?‘d,. L, angd
rs At a corartant valus of the nonedimen aliaed 1412y coeffislent
ial e
Aluhicugh U wractesistics aruation fip the steeight Tiap
Wi Sriclan ; that *he Arcyn <estione! jocuy ceuld be cotepe

wired envyrely {rom =athematical eonsicerations, 3 grarhical rresertation
of this 1 fven in Flge 15 00 aid in the unferstanding cf the sole
stion, From Frre 15 *he welations®ie of b ¢d b at the roints ¢f raxiwmm
m ik eaclly detereined and s cpecentod in Tipe ¥,  The relationship
thus setemained was Chat % cvonld etual * to acrieye this marima value

Ar m, which 4o emiad to e, Thys, fop Ay 2enirsd opersting ground cleare

20, the tepasn Clap clmearions 1l ke pateecfachanpge-of-11t «ith h can

Vitar affects on the gteatpght ffian wepe investisqted, g8
i 1o The ot ofwat of pivching on the operation cf
W dnitially etakie cvotem ie A of etaRglicatlon,  n eyseinaticn of the
evigtion /10a) 42 Aprenais ! nd e gtcomparyine sketch siews *hat piteh
eranges ereg 2 hance in the flap clepa, effectivaly reprerented by b '

(vp ¢e cut ? "). A ange up er rocitive pdteh ~rolutes an incrcase in




Yy a nose dowm c® megatlve phich reeduces a decrease An be Keference
to Fig, JL stows that an Increase Ln b Incroases e 14fL due to the
riap, while 3 desrace in b hag an Spposlite alfegt, Bouth these offeets

*edt to return the complete gyaten W Yo e il clue attitude,

22,22 BiMped=al Flas

O resuits of the wlltretgal fiap 1alrcls, corives in
A0 apreriia, e w0 dn Flr. 47, wn'ch cgecrives the 1US coeffictent
Pop vamtuy weconteiciclon an 4 fumetion ¢f geound ¢Yeasapce By Since
thie o'liveical Plan characterioeleg ¢natson, Pron whickh Yige 37 was
frawm, 17 0¥ 4 rleg natwrg, *he dotormical (gn of the confipgutaticn
fer marinum = vy cpilnagy matheeaeieql woqne creved S0 be beyond the
ercya el ¢io c0yly, The regdting exrponstons ave eeei 0 appendix 1,
Tiatenvently, 3t dar receseary to revezt b e ccaphical methed dese
ritoc rpavionsly fop e ctpatont flg, Jhe cupyee of Wir, 3% shed the
re’1tt nirir tetaecn by By avd By The o rve trrc 3h the aximae pointe
t® tre o rya of Flg, W Lercritar tha paximm pate of L0t change with
T Clearweoe, Frex the analvsis of Tipe 3% this raxiram rate of 1ift
chorpe a1 foun ty €2l - '-‘":{:9 « 4his curce has besn erces plotted
NFive 0 Fivrs Wean te ~cotemd 2 "iecion® relatiorsnlp, 1ee.,
for & 0pet1tion veat . pround clearance b the curve ctecifies the value
of © which wtll ~ause maxinoy m to octur at the desipn pround clearanse.
I* oot be cecn thypt for b values preator than €.50 *he cupve of b 23 &
furavion of b i1 essentially a stratght line, Relow 0,50 the pelatione
ship betwoen b and b, a3 detornined frcm the curve of Fige 3%, deviates

"t an incressing rate from that which wvemld ~atisfy the eame 1imit ae the

25




2%ratght flap case, J.e., pass through the origine It 1s aprarent thai
in Soth cases, stralght and elliptioal, %e sglution should become
equivalent as B apppcaches tero,

Piteh effects ¢n the olliptic flap were also investigated,
as dgseribed in Arjendix 1o A8 10 the Guse of the straight flap, the

ret wffect of ritehiry on an Ind 141y stahle systea is ¢ne of stabile

&

zaticn, Tramination of eguyation (L), Anrendix 1, ehows that small
citon cPanges ATlcclively Caure 1 change 4n *he eccenteicity ratio of
the ellipse, ¢crarasterized by dimmnsion b, Reference *°a Fig., 38 shows
*hrat an inerefse in b ine™gases the 1€t coefficlent, while a decrease
in ® a3 an oprocite effeet,y 9Both these offects tend ¢ retumn the com-
7lete 2ysten o the equiiideiva aztitude,

Abrief ¢avagtigaticn pevealed thal thers ape at Jeast two
ther mothocs of Yntegratirg eyation (15), Aprenaix 1, Byt the limjta-
*4ors of this rrogran dtd not allod an qxlqrsive stugy ¢l the resylts
sc odtained, Cursory examination, howeyer, tnticated that the eiliptic
Plap arameteriet{s curveg ehéafred from Wese otler selitions would be
fdentica) to these ohtalmed by the solutlon ferived in the Appendix,
eytation (4N), for values of b greater than arrroximately 0.50 even
thouzh the basie exprogsions differeds

It %ould e potnted cut that for “eth the straight and
ellirileal flaps the charastepistie e¢quations and theip derivatives with
recpect to & fease to have meaning at h ~ 0 and b = 0, at least Ia theip
presented fornse AL this polnt the gipressions become fungtiens of
$ndeterminate fatios. Ine values of the eryrésslions eould pessibly be

found for h and b = O Ly application of L'HOpital's rule, but this step

82ain vas beyond the ccope of this program,
25




3.3

Mlruser-fecdpculation Concept

She 2-9 diffusererecisculation podel i shewn $n Figs. 6 and
. Til3 foded consisted of a Jiamgirlc slice of the concept
#Ath a redysed (shortened 9

by

configuration
@ 2-0) Yase area. Tha purpose of this model was

to evalrate the counling between the cprosing diffuzers, io determine the

amewme of anyeeuy alp poguired Asgl alng *he offect, of axcess a = on *he
[ IER 9 '."' LAY

wsLem, :0 247 not o ,'1‘ ) Arry ehis :"ny as f‘ar
¥ had been intended drg 30 t4me Yimitatisns, and consen .ently, only
1iabttative ohaervattony are availahie,

3% #13 notad that "excess eycle air” tended to imrrove the s'ab-
L7 of the system, W

~

03

that yngtahle ecupling exist between the op-
nosed a1frmer (nlel, Juffictent time did not exist to evaluate the geo-
®atriCal variw! i

vg *hat were success®yl i the 4iff

er-plenun case L0
wrtopmine ttalr affet on mourling,

I* wuld be exrected %%a%t these same
etaillty compcrente vould Rave siwilas geauits in this case.
The fala tresented fep the

iffuser-plenum concept pitch case
Pirie € PPwam 7)) " B Y0 ar-pepriqiely correctod and artlied to the
S0P repannipstqticn screart,

'roe *he Maris adpe snals are foectieal,

1e%repee ¢ Piyy ¢ anith Trecarts ohn flor quailahle for pecirsulation,
1 i2atee #at voraep ‘ep

SXEOED L olm ads) (o pemnired, and alse **at this
w

rAgimenent, the wqheayp alr fraction ¢} . 733, incymanes onle sliyhtly with
Yo

Jecrnaring @,

e tlatpe s oL e

Jarve jndtcates that this reruirerment
orsentially constant,

3
184

i dcaurmented regd for make-up aily suprorts the

qQualitative ctoervation that ®exCess Syele aipr" improved system stadbility.




It 43 Vsdiave? they (9o srdities of Uus s 10 he crole will nat ali{est
Lo vty ol Ui othap paranstars, alnse this ¢dition ococrs ex-
orasd o the 18 s3%). Conseriantly, 22 the pitch %ade dats 16 are
FLic™Le a3 preteated. Gy tae hovariag rarformance peed ba aod1fied,

13 f0'louing ciunticon corrmtt LRIS naracetsre
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ret.ra a0t Xr..'.
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he CONCTSTONS
kol £iozls §c030:30al redifisations to the 0~iginal ocndepts

vorg de7ised €0 oversozo Lhe drherent dnetdilities, Thece insta'ile
$tder peondted £rom a 84reig dectblidaing force at the diffuser inlet
dvs o Besaonill effect which occusrel vien e dLffasar indst geournd
clearance dearecrcd bolov the daiigm value, %The sccmetrical mdifica~
ticns rewulred to cveprccme Uie corelialng Lo conergted of renting
the ciffuser inlet to atwosrheris premsipe, axtendisg Lhe fupward ip
“ealed *he diffrer trlet, @ crlentirg e prinary ot outlel 3 provide

s roritive tet scotrhution te the et ~iitty af che aysteqn,

‘ot 20 atiteve praitive ot 11ty shapactesistics for the cif-
faererionun el moial, 1¢ wao recesgary to mo 1€y the rear erit zeoretry

Lo Lorerporate a tpallliry curface, This =0 38f1%3%4cr 17crides g jo3itive
et dlity contsimution at that lecaticr, 1t elirirates *he unlecirable
cearlirg whioh previcusly cosuppcq tatuoen *he ne trally statle, sharpeelned
WAL peomatry and the GQlffiser dniet, Hathematical spadyees of this exil

racEptry vore made to mar 4¢s srantlity charsctopistics,

be? he maaitute of tRe inhepcnt intepratec rrepaloicn An ‘he
3+ diffucereplenun model was fcund to be on the (oder of twice that
rredieteod Ly Lhe rievicue rerfoprance estimaies. This inSrease can te ate
trivuted reinawcily to the ercaring Aot leaving the vehicle at an angzle
rosg favorghle 40 vronulaicn thia had bean orfcinally arsumeds Alse, in

the orlginal rerformance #stimate, no ateounting was nade for the rear-

vard component of the residual velocity eristing in the bass arca,




kot On the ads $° the work completed, ¢ YLdlev diffusecre

ragLrdulaclon congept varpaate eisv eaterslve {nviaudgaiioa the vas

5*"1"10 Ul'zl"‘. :—"6 ssere 0.' A {& PESrea™e ?n'ur,} ""—"‘r'.h &h il

te3lude pume dolnlled 2ayestipation: the offeas, of exsary U on

couriing between the eprosing diffuses inletys,
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rear view - showing recirculation system and
fon for Ymake-up" air,
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FIGURE 28¢ THR DP=3 CEM THREE-DIMENSIONAL MODEL IN OPERATION ON TETHER
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